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Abstract 
A two-dimensional, single phase flow model for high temperature proton exchange membrane fuel cell (HT-PEM 
fuel cell) is developed to study the mass transfer in its cathode; the influences of the cell temperature, the porosity and 
thickness of gas diffusion layer on its performance are analyzed. The good consistency between the simulation results 
and the experimental results proves the feasibility of this model. The research results show that, when the cell 
temperature increases, performance of the HT-PEM fuel cell improves, but both water and oxygen concentration 
distributions in its cathode hardly changes; the decrease of the gas diffusion layer thickness and the increase of the 
porosity of the gas diffusion layer reduce the concentration over-potential, which finally leads to the improvement of 
the performance of the HT-PEM fuel cell.  
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1. Introduction 
HT-PEM fuel cell works at the temperature over 393K. This fuel cell not only has the advantages of 
the conventional PEM fuel cell, but also overcomes the shortages of the conventional PEM fuel cell. 
Therefore, HT-PEM fuel cell is paid more and more attention [1]. Sren Juhl Andreasen et al. [2] and 
Kaserer, Sebastian et al. [3] studied respectively the effect of H3PO4 and CO as a poison in HT-PEM fuel 
cells using polybenzimidazole (PBI) membranes. Lobato, Justo et al. [5] presented a three-dimensional 
half-cell model for a 50 cm2 HT-PEM fuel cell to study the effect of three different flow channel 
geometries on its performance. Ubong, E.U. et al. [6] and Cheddie, Denver F. et al. [7] investigated the 
performance of a HT-PEM fuel cell by a three-dimensional model and experimental work. Peng, J. et al. 
[8] developed a transient three-dimensional, single-phase and non-isothermal numerical model for the HT-
PEM fuel cell. Chippar, Purushothama and Ju, Hyunchul [9] found by simulation that the effect of gas 
crossover on HT-PEM fuel cell performance is insignificant in a fresh membrane. Shamardina, O. et al. 
[10] presented a model for HT-PEM fuel cell to describe the transport processes in the cathode catalyst 
layer.  In this paper, a multidimensional model is developed to study the mass transfer in the HT-PEM 
fuel cell, and the effects of cell temperature, porosity and thickness of the diffusion layer on its mass 
transfer are analyzed. 
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2. Mathematical Model 
The region of the simulation is given in Fig. 1. The continuity equation for gas mixtures in the 
electrode is given as follows. 
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where ρ is density; u is velocity vector and ε is porosity.  
The momentum equation for the gas mixtures in the electrode is 
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where u is gas velocity; μ is gas viscosity coefficient; P is pressure and Κ is permeability in the gas 
diffusion layer and catalyst layer.  
The species conservation equation for gas in both anode and cathode is given as follows. 
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where α stands for species; C is the concentration of species and D is species diffusivity. 
      The Butler–Volmer equation is used to describe the electrochemical reaction in the catalyst layers. 
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where K  is the over-potential; n is the electron number of transfer in the electrochemical reaction; 0j is 
exchange current density and R is gas constant. Assumptions, some parameters and boundary conditions 
for the simulation are given in literature [11], and the other parameters for the HT-PEM fuel cell are 
shown in table 1. 
Table.1 other parameters for the HT-PEM fuel cell 
exchange current density (453K) (A/cm-2) 4.84×10-4 
Thermal conductivity of membrane 
(453K) (W·m-1·K-1) 
Thermal conductivity of gas diffusion layer 
(453K)(W·m-1·K-1)  
viscosity coefficient of oxygen(453K) (Pa·s) 
viscosity coefficient of hydrogen(453K) (Pa·s) 








3. Results and Discussion 
The performance curves of the HT-PEM fuel cell by comparison the experimental data and the 
simulation data are shown in Fig. 2. The experiments were carried under the condition of the fuel cell 
temperature of 453K, air flow flux of 2000sccm and hydrogen flow flux of 450sccm. It is shown that 
there is a very good consistency between the experimental performance curve and the simulation 
performance curve. This indicates that the established mathematical model is feasible in this work. 
The oxygen and water concentration distributions in the cathode with the cell temperature are shown 
respectively in Fig. 4 and Fig. 5. In these two figures, the X axis stands for the direction of gas flows from 
the gas inlet to the outlet; the Y axis stands for deep direction from the diffusion layer to the catalyst layer. 
It is revealed that when the cell temperature rises, the oxygen concentration and the water concentration 
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in the cathode hardly changes. The reason is that the increase of the fuel cell temperature not only boosts 
electrochemical reaction rate in the catalyst layer, but also improves the transfer of the water and the 
oxygen in the cathode. The increases of water transfer and oxygen transfer in the cathode offset the 
increases of the oxygen consumption and the water production in the catalyst layer.  
              


























Fig.1 The region of the simulation                   Fig.2 The simulation data compared with the experimental data 
  
Fig.3 The influence of the cell temperature on                    Fig.4 The influence of the cell temperature on 
       the oxygen concentration distribution in the cathode           the water concentration distribution in the cathode 
The effects of the porosity in the gas diffusion layer on the mass transfer in the HT-PEM fuel cell 
cathode are shown in Fig.5 and fig. 6. It can be observed clearly that, when the gas diffusion layer 
porosity enlarges, the oxygen concentration increases, while the water concentration decreases. Even 
more important, the gradients of the oxygen concentration reduction and the water concentration growth 
in the cathode decrease, which leads to the decrease of the mass transfer resistance in the electrode.  
   
Fig.5 The effect of the porosity in the gas diffusion layer      Fig.6 The effect of the porosity in the gas diffusion layer 
on oxygen concentration distribution in the cathode               on the water concentration distribution in the cathode 
The concentration distribution of the oxygen and the water in the cathode influenced by the gas 
diffusion layer thickness are shown in Fig.7 and Fig.8. It is shown that with the increase of the gas 
diffusion layer thickness, the oxygen concentration decreases, but the water concentration increases. It is 
noteworthy that the concentration gradients of both water and oxygen in the catalyst layer and the 
diffusion layer increase, which indicates that the concentration over-potential in the cathode increases. 
 Hong Sun et al. /  Energy Procedia  61 ( 2014 )  1524 – 1527 1527
   
Fig.7 The effect of the thickness of the gas diffusion layer   Fig.8 The effect of the thickness of the gas diffusion layer 
on the oxygen concentration distribution                                on the water concentration distribution 
4. Conclusions 
z When the fuel cell temperature rises, the water and oxygen concentration in the cathode hardly 
change due to the decrease of the active over-potential of the HT-PEM fuel cell and the improvement 
of the mass transfer in the cathode.  
z High porosity in the gas diffusion layer decreases the concentration difference of the water and 
oxygen from the diffusion layer to the catalyst layer, and then makes the decrease of the 
concentration over-potential.  
z Thick gas diffusion layer makes more concentration difference of the water and oxygen from the 
diffusion layer to the catalyst layer, and makes more concentration over-potential.  
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